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THECFMMCTERISTICSOF THEN.A.C~A.9’7,CLARKY, AND

N.A.C.A~-M6AIRFOILSWITHPARTICULARREFERENCE

TO THEANGLE:OFATTACK.

By GeorgeJ. Higgins.
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Summary

Thisnotegivestheaerodynam?.ccharacteristicsof the

N.A.C.A.97,ClarkY, andH.A.C.A.-.U6 airfoilsectionsas de-

terminedinthevariabledensitywtndtunnelat,Lai~.gleyField,e
Virginia.Particularattentionis @lled to therelationof

4
the characteristicsto theangleofattackin theiruse in

airplanedesign.

In theadaptationof a certainairfoilsectiontoan air-

planedesign,it isnecessarytomakea carefulstudyof the

airfoilcharacteristicsin orderthatthebestperformancemay

be attainedon thecompletedairplane.Speedrangeandpay

loadazetheimportantfactorswhicharedependentdirectlyon

a carefulselectionanduse of thewingsection.Theangleof .

wingsettingox inoidenceonan airplaneshouldbe knownin

termsof theabsoluteangleof attack.
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Theanglebetweenany referencelineonan airfoilsec–

tionat anytimeand thatlinewhenthedirectionofmotionis

suchthattheliftis zero,is calledtheabsoluteangleof

attack(seeFigure1). It is thi;anglethatisusedin theo-

reticalformulasfordeterminingairfoilcharacteristics.One.
findsfromexperimentalteststhattheliftofan airfoilis

directlyproportionalto theabsoluteangleofattack,being

approximatelythesameforallsections.Theminirmundrag

coefficient’occursat aboutzeroliftor at aboutzeroabsolute

angleofattack.Thevalueof thenininm.mdragis,however,

dependenton thechoiceof thesection.Likewise,themaximum

T liftisdeterminedby theburblingcharacteristicsof thein-

. dividualairfoil.

Theordinaryor ~eometricangleof attackneasuredfrom

the chordlineis,withqostairfoils,differentfromtheabso-

luteangleofat’~ck.Forcheckingriggingandangleof inci-

denceit ismostconvenienttouse thegeometricangleas it .

can readilybe measured.Thedesigper,however,shouldbe care–

ful thathe doesnotconfusethetwo,particularlyif employing

empiricalformulas.

To illustratetheabovepoints,supposethatthefollowing

threeairfoilsectionsarechosenas suitableforuse indesign:

E*A.C.A.97 _ highcamber,

ClarkY - mediumcamber,

N.A.C.A.-M6– lowcamber.
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Thesesectionsareallmediumthickand thestructuraldetails

of thewingswouldbe verysimilar.

A mediumsizedairplane(say,a bracedmonoplane)carrying

a grossloadofabout5000poundswithsuitablewingareaand

poweredwitha 400HP.enginewill-have,say,a landingspeed

of between50and60M.P.H.anda speedrangeof about2.5. \
The highspeed-conditionwillmakeitnecessary,therefore,

thattheairplaneflywiththewingssetto givea liftcorre-

spondingtoa coefficientCL ofabout0.22. Shouldthe

ClarkY sectionbe adopted,thegeometricangleofattackfor

levelflightat highspeedwouldbe -2.2°(seeFigure2).
* Had theM6 or97 sectionbeenchosen,therespectiveangles

. would%e +2.3° and -5.7°. However,on thebasisofabsolute

angle.ofattack,thecorrectanglewouldbe +3.1° forall

threesections(Figure3). Thethreeairfoilsectionsareshown

in Figures2 and3 in theaboveattitudeforhigh–speedflight.

The appearanceof thesectionsisverymisleading.It would

scarcelybe suspectedthatthe97 or ClarkY wouldgivethe

sameliftas theM6 in theattitudeshown.

Referringto Figures4 and5, itmaybe seenthatthedrag

coefficientcurvesas wellas theliftcurvesbasedonabsolute ‘

angleofattackare similar.Polarcurvesandcurvesofpr~

filedragcoefficient@P plotteda’gainstCL aregivenin

Figures6 and7, respectively.Theuse of eitherof theselat-

ter curvesfordesigneliminatespossibleerrorsdueto the
*

t
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wronguseof theangleof attack.Fi~re 7 includescurvesof

induceddragcoefficient~ij forconveniencein obtaining

the correctCD fOra wingofanyaspectratio. Cp curves

are given(Figure8) fortheClarky and116to completethe

data. Similarinformationforthe97 isnotavailable;how-

ever,fora sectionwitha highcamberlikethe97, the Cp

travelismorethanfora sectionliketheClarkY.
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